Most aviation fuels are jet fuels originating from crude oil. Crude oil must be refined to be useful and jet fuel is only one of many products that can be derived from crude oil. Jet fuel is extracted from the middle distillates fraction and competes, for example, with the production of diesel.
Introduction
The basis for globalization is global transportation and a driving force has been the growth in global air traffic. Projections by the aviation industry predict a "Business as Usual" (BAU) future with a growth of 5% per year. Currently, aviation fuel is almost exclusively extracted from the kerosene fraction of crude oil.
When future energy scenarios are discussed a BAU scenario is also normally included. The most well known scenario for future oil production is the one delivered by the International Energy Agency (IEA) in its yearly publication World Energy Outlook (WEO). This scenario is based on a growing global economy and that growth needs more oil. The nations of the world are now gathering to make decisions to reduce global emissions of carbon dioxide. On the agenda is a target for a reduction in oil use on the order of 20 percent by 2020 and even more in the future. The Peak Oil community also discusses such a decline, but the decline is not based on political decisions, rather it is based on the fact that oil production in the future will naturally decline. Peak Oil scenarios can be said to be consistent with the ambitions of politicians.
We will investigate whether the BAU scenario presented by the aviation industry is consistent with the BAU scenario given by the IEA. We will also examine how a peaking and decline of oil production -whether politically motivated or due to natural declinewill affect the production of aviation fuel.
Methodology
The air traffic data in the article originates from outlooks by Boeing (2007) and Airbus (2007) , which are in good agreement compared to other forecasters, such as the International Air Transport Association (IATA). The effect air traffic forecasts could have on future aviation fuel demand, if fulfilled, is demonstrated as three aviation fuel demand scenarios. The scenarios are all based on air traffic forecasts, but differ in the projected fuel efficiency increase of the world aviation fleet.
Today global oil production is roughly 81.5 million barrels per day (Mb/d), which is equivalent to an annual output of 3905.9 Mt (BP, 2008) . There are many different methodologies for predicting future crude oil production, all relying on different assumptions and ideas (Bentley and Boyle, 2007) . Some are more optimistic when it comes to the amount that can be produced than others.
In this study, oil production forecasts from IEA (2008a), Aleklett and Campbell (2003) and Robelius (2007) are taken as representative scenarios for future oil production. The three different future crude oil production forecasts are converted into three scenarios of future aviation fuel production. The aviation fuel part of crude oil production is assumed to be a fixed percentage in each scenario.
These forecasts for future demand and supply of aviation fuel are finally compared to see how well the demand and supply forecasts match each other. This will illustrate how compatible the air traffic forecasts are with future supply of oil.
Historical air traffic trends and industry forecasts
Airbus and Boeing are leading manufacturers of aircraft with 100 seats or more. Both companies construct forecasts, built on market knowledge and trade data, to predict future air traffic demand and other parameters. What is most important for this study is their view of the air traffic development, and particularly their numbers for Revenue Passenger Kilometre (RPK), but to some extent also the forecast of goods traffic growth. Figure 1 shows the historical RPK flown and the growth predicted by Boeing and Airbus out to 2026. The numbers of passengers carried have grown an average of 4.9% per year since 1970, and in 2006 more than 2 billion people travelled by air. Counted in RPK, the growth has been 6.1% per year.
The amount of goods transported by aviation has grown by 5.3% per year since 1970, from 6.1 to 37.7 Mt per year. Every tonne is transported an average of 3780 kilometres. If calculated in tonne-kilometres, the growth since the 1970s was 6.7% per year according to the Swedish Institute for Transport and Communication Analyses (SIKA, 2008) .
Airbus has predicted a yearly growth of 4.9% and Boeing a yearly growth of 5.0% (Airbus, 2007; Boeing, 2007) . Cargo traffic is predicted to grow by 5.8%, according to Airbus (2007) , and 6.1%, according to Boeing (2007) . Boeing also predicts that 80% of those aeroplanes flying today will be replaced by the year 2026 and that the new aeroplanes will be more fuel efficient and more comfortable (Boeing, 2007) . In the Airbus forecast, the percentage of planes that are expected to be replaced or reconstructed is 95% (Airbus, 2007) . Boeing (2007) , Airbus (2007) and SIKA (2008) Both companies believe in a strong Asia-Pacific market, but that a lot of new aeroplanes will also be sold to North America and Europe. The European and American markets will grow at a slower rate than the Asia-Pacific market and some of the new aeroplanes will replace those being retired, whereas in Asia-Pacific a lot of new capacity will be added.
Fuel consumption trends
Jet fuel demand and aviation traffic growth are not strictly correlated, since the efficiency of aircraft and air traffic management are improving. The aviation industry actually has gone through a huge development since the first commercial aircraft in service. Since the 1960s aircraft are 75% quieter and have reduced fuel consumption by 70% (Airbus, 2007) . The Association of European Airlines (2008) declares that the current average fuel consumption is less than 5 litres/hundred RPK, and that the modern aircraft consume approximately 3.5 litres/hundred RPK. Figure 2 shows the historical trend for average fuel consumption of the global fleet of aircraft together with an exponential extrapolation to predict possible future fuel consumption. Airbus (2007) Industry and politicians in Europe have as a goal an improvement in fuel efficiency of 50% per RPK before the year 2020 according to the Advisory Council for Aeronautics Research in Europe (2001) . The goal is supposed to be met through replacement of old aircraft with new, which are more fuel-efficient, combined with better air traffic management. The aim is to reduce carbon dioxide emissions but will at the same time decrease fuel consumption. Airframe manufacturers are supposed to contribute 20-25% of efficiency gains, engine manufacturers 15-20%, and improved operation 5-10% (Airbus, 2007) .
Load factor is a measure of aircraft occupancy and it is easy to understand that a high load factor is crucial for efficient transportation. The load factor has improved over the years and was on average 76% in 2006 (SIKA, 2008) .
Aviation Fuel
Aviation fuels include both jet fuel for turbine engines and aviation gasoline for piston engines. The dominant fuel is jet fuel originating from crude oil as it is used in all large aircraft. Jet fuel is almost exclusively extracted from the kerosene fraction of crude oil, which distills between the gasoline fraction and the diesel fraction.
The IEA has estimated that the world"s total refinery production in 2006 at 3861 million tonnes (Mt). The aviation fuel part was 6.3%, implying an annual aviation fuel production of 243 Mt (corresponding to about 5 Mb/d), including both jet fuel and aviation gasoline (IEA, 2008b) . Figure 3 shows how the world's refinery production is divided into different fractions. The type of crude oil used in a refinery and the products manufactured are to some extent possible to vary: two Swedish refineries owned by Preem Petroleum AB are taken as examples of the effect this can have on jet fuel production.
The refinery Preemraff Gothenburg is situated on the west coast of Sweden. The atmospheric distillation process divides the crude oil into five different fractions. The second fraction of about 33% of the crude oil input contains the raw material for jet fuel production. This fraction is further processed in the Distillate Hydrotreater (DHT). About 14-15% of the feed to the DHT become kerosene (Åhman, 2008) and the kerosene fraction, of the initial crude oil used, can then be calculated to around 4-5%.
In 2007 crude oil input was 4.56 Mt, about 33 million barrels. Jet fuel production was about 12 000 cubic meters, corresponding to 75 500 barrels using conversion factors from BP (2008) . A comparison, between the 33 million barrels crude oil input with 75 500 barrels jet fuel produced, gives jet fuel as only 0.2% of the crude input. That is considerably less than the original kerosene fraction of 4-5% and kerosene that is not sold as jet fuel is primarily mixed into to the diesel fraction.
The size of jet fuel production at the Preem Gothenburg refinery is dependent on various parameters.
The market situation at any given moment. The grade/quality of the crude oil processed The logistic situation at the refinery If the refinery would like to increase jet fuel production, diesel production must decrease. This also implies that jet fuel production could be increased without large investments or time delays. During the year the proportion between diesel and jet fuel production changes and the fuel most profitable at that moment is produced (Åhman, 2008) .
The other Preem petroleum AB refinery is Preemraff Lysekil, which is a refinery more adapted to heavy crude oil. Swedish Environmental class-1, ultra-low sulphur, diesel is a prioritized product, which has the consequence that no jet fuel at all is manufactured. The kerosene fraction is blended directly into the diesel fraction to provide the correct viscosity properties. Having fewer products is a way to increase the efficiency of the refinery (Preem, 2008) .
The conclusion to be drawn is that aviation fuel production is not a fixed percentage of refinery output. In 2006, aviation fuel was 6.3% of world refinery production ( Figure 2 ), but in 1973 the aviation fuel part of refinery production was only 4.2%. Since 2001, production has varied been between 6.0 and 6.3% (IEA, 2008b) . The volume of aviation fuel has changed a lot, from 114 Mt in 1973 to 243 Mt by 2006 according to IEA (2008a; 2008b) .
The kerosene fraction is an average of 8-10% of the crude oil, but all kerosene does not become jet fuel or diesel. Kerosene can also be used to decrease the viscosity of the heavy fractions of crude oil and is used as lamp oil in certain parts of the world.
Simple refinery process changes could increase jet fuel production and if the hydrocrackers were optimized to produce jet fuel the share could probably increase much more (Wernersson, 2008) . To be able to produce even more jet fuel new hydrocrackers could be developed, but that would take time.
Production changes in the refinery can only change the yield of different products. If jet fuel production were to increase obviously the production of other products would decrease (such as gasoline and diesel).
The environmental parameters that define the operating envelope for aviation fuels such as pressure, temperature and humidity vary dramatically both geographically and with altitude. Consequently, aviation fuel specifications have developed primarily on the basis of simulated performance tests rather than defined compositional requirements. Given the dependence on a single source of fuel on an aircraft and the flight safety implications, aviation fuels are subject to stringent testing and quality assurance procedures.
The fuel is tested in a number of certified ways to be sure of obtaining the right properties following a specification of the international standards from, for example, IATA guidance material, ASTM specifications and UK defence standards (Air BP, 2000) . Tests are done several times before the fuel is finally used in an aeroplane.
Crude oil production forecasts
Attempts to forecast crude oil reserves and future production have been made over a long time period using a variety of different methods and approaches. There are forecasts by scientists, organisations and others.
Overviews of different forecasting methods have been done previously (Bentley and Boyle, 2007; Brandt, 2007; Carlson, 2007) , and all of the models have their strengths and weaknesses. Bentley and Boyle concluded that the group of models that predict the peak in crude oil production before 2020 are the most realistic.
An industry task force, including aviation companies in the Virgin Group, has ranked peak oil as a larger threat to the UK than terrorism and climate change (UK Industry Task Force on Peak Oil & Energy Security, 2008). Even the IEA chief economist, Fatih Birol, has recently spoken of the proximity of oil peaking (Birol, 2008) . A growing awareness of peak oil and its imminence can be found.
In a discussion paper, prepared for OECD and International Transport Forum, the peak oil issue is summarized (Aleklett, 2007) . The paper mostly concentrates on two oil production models, the depletion model and the giant field model.
The most well known scenario for future oil production is the one delivered by the International Energy Agency (IEA) in its yearly publication World Energy Outlook (WEO). This scenario is based on a growing global economy and that growth needs more oil. In WEO 2008 (IEA 2008a ) the increase in oil use till 2030 is divided between 1.3 percent for 2009 to 2020 and then 1.0 percent to the end of the period. The next step is to find production to fulfill demand. In this article this "Business as Usual" (BAU) is called Alternative 1.
Alternative 2 is a depletion model, called the "Campbell depletion model". The model and the results can be found in a peer-reviewed article (Aleklett and Campbell 2003) . The results have been updated later, the latest from 2008 (Campbell, 2008) .
As Alternative 3, crude oil production forecast from the "Uppsala giant field model" (Robelius, 2007) was chosen. It is the result of a doctoral thesis, meaning it has been reviewed and approved by a person chosen at Uppsala University and a grading committee of 5 persons.
Future aviation fuel production scenarios presented in this article are based on these three forecasts. Future oil production scenarios used in this study should not necessarily be seen as an example of how only supply constraints may influence future aviation. They can also be seen as a picture of how voluntary oil phase out and oil consumption reduction will impact the future. The cause of the decrease in oil supply is not important in this study, rather the size of future production flows.
The European Economic and Social Committee (2009) proclaimed that the oil demand for Europe must decrease by 50% by 2050, in order to meet the targets of the Climate Change and Energy package. This would correspond to an approximate 2% annual decrease in oil consumption, which is virtually exactly what Campbell (2008) projects. Robelius (2007) and other peak oil forecasts agree with the climate change mitigation proposals and emission reduction scenarios.
Peaking of oil production or an oil consumption and emission reduction policy may therefore be seen as opposite sides of the same coin. In both cases, the flow of oil to the aviation fuel sector would decrease.
In numbers the WEO 2008 forecasts an increase in world oil production (Alternative 1). The production is predicted to increase from 82. This is the equivalent to an approximate 2% annual decrease in global oil production.
The Uppsala giant field model is based on production from the giant oil fields, fields with ultimate recoverable resources of at least 500 million barrels. Giant oil fields are the dominating contributors to world oil production, accounting for more than 50% of present output. The conclusion is that production in the giant fields determines the world peak in oil production (Robelius, 2007) . Four different scenarios for future production were built and a peak in crude oil production was calculated to occur in a time span between 2008 and 2013 or as late as 2018 if adjusted to the IEA prediction for future oil demand. Oil production, as in the Campbell depletion model, is forecast to decrease and will in the year 2026 be 66 Mb/d in the worst-case scenario and 72 Mb/d in the best-case scenario (Robelius, 2007) . The prognosis includes new field developments, deep-water production, tar sand, heavy oil and natural gas liquids (NGL).
Future scenarios of aviation fuel supply and demand
In this chapter the scenarios of future aviation fuel demand and supply are presented, and the scenarios are the base for the calculations of the outlook on aviation fuel demand and supply. The time frame of the outlook was decided by the end date of the Boeing (2007) and Airbus (2007) forecasts. Consequently, the end date will be 2026 for this study.
Three scenarios have been constructed for future aviation fuel demand. The scenarios are based on industry forecasts, both when it comes to traffic growth and goals for fuel efficiency increase.
The forecast numbers for RPK growth is used as an indicator of the growth of jet fuel consumption. All the calculations of future aviation fuel demand have been calculated based on aviation fuel production in 2006 or normalized to that value, since that was the most recent aviation fuel production number published by the IEA. For closer discussion of the scenarios, see Nygren (2008) .
Demand scenarios 2006-2026
A: Traffic will continue to grow according to industry forecasts and average fuel consumption for the world aviation fleet will remain as it is today. Fuel consumption will increase at the same rate as the increase in traffic. B: Traffic will keep growing according to industry forecast but the average fuel consumption (litre/100 RPK) for the world aviation fleet will go down by 50 per cent compared to 2005 by the year 2020. A decrease of 1 per cent per year from 2020 to the year 2026 is assumed. C: Traffic will keep growing according to industry forecasts and average fuel consumption for the world aviation fleet will follow a curve (Figure 2 ) extrapolated from the average fuel consumption of the years 1987 to 2007. For each of the three scenarios we use the three different crude oil production alternatives described in section 6. Aviation fuel is estimated to be 6.3% of total forecast crude oil production according to the three different crude oil production alternatives described in section 6. The production is then normalized to the value of aviation fuel production in 2006, the real value for aviation fuel production in that year.
For the calculations in this article aviation fuel production is fixed at 6.3% of crude oil production. Varying this number would give different outcomes for the available amount of jet fuel in the future and this will be discussed in the discussion section.
Future outlook
The result of the forecast is presented as three figures, each representing a demand scenario together with the three supply scenarios.
With a scenario of 5% fuel demand growth, and aviation fuel production fixed at 6.3% of crude oil production it can be seen (Figure 4 ) that demand exceeds supply enormously in the three supply scenarios. The IEA production forecast would require aviation fuel to be about 13.7% of world crude oil production (i.e. refinery output) and the others an even bigger percentage.
Figure 4:
Demand scenario A is the scenario where aviation fuel demand grows the most, at the same rate as the forecasted RPK growth. Source: Boeing (2007) , Robelius (2007) , Campbell (2008) and IEA (2008a) Boeing (2007) , Robelius (2007) , Campbell (2008) and IEA (2008a) In the case represented in Figure 5 , aviation fuel demand is much reduced in comparison to Figure 4 . It is a reduction by almost 5% a year to the year 2020, which almost reduces aviation fuel demand increase to zero compared to 2006.
Figure 5: The demand scenario B is where the aviation fuel consumption increases the least, despite a 5% growth of traffic. After 2020, a 4% growth is assumed and that dramatically changes the shape of the curve and makes it cross the line of the IEA supply forecast. Source:
The much steeper increase in fuel consumption 2020 to 2026 still keeps demand below the BAU supply scenario. The other three supply scenarios lead to a situation where demand exceeds supply. The lowest supply scenario, the worst case scenario of the giant field model, would require aviation fuel to be 13.8%, which is almost the same as in the previous figure for the IEA supply case and the 5% demand scenario. Figure 6 represents a demand scenario that is an extrapolation of the current trend of efficiency improvements, and to some point may represent the most realistic development of aviation traffic. However, this trend does not look reasonable when compared to forecasts of future aviation fuel supply, since all supply scenarios end up below the demand scenario with the current division between refinery products.
Figure 6:
The demand scenario C is following the current trend of aviation fuel consumption. Source: Boeing (2007) , Robelius (2007) , Campbell (2008) and IEA (2008a) 
Discussion
Maybe the most realistic scenario, of those proposed, is one where traffic grows by 5% and fuel consumption by 3% a year, following historic trends. That would require a growth for the aviation fuel part of refinery production from 6.3% of refinery output to about 9.3% in the BAU oil production scenario and 19.8% of refinery output if the production follows the worst production case in the studied scenarios.
Biofuels
The aviation industry is actively searching for replacements for conventional jet fuel through the use of biofuels. Air New Zealand and Continental Airlines have recently performed two successful test flights (Air New Zealand, 2008; ATW, 2009) . Furthermore, Virgin Atlantic (2008) reports successful test flights using biofuel. For the moment biofuels is more of a problem for the aviation industry due to the issue with FAME. Production of bio-jet fuels has so far only been for research purposes and far from on an industrial scale.
What would the effect be on the outlook of this article if the IATA goal of 10% biofuels in 2017 were fulfilled? For example, if consumption followed historic trends (Figure 6 ), it can be seen that a 10% reduction of aviation fuel demand in 2017 would not take consumption down to the "business as usual" production scenario.
Where should biofuels come from? If biofuels are to be 10% of aviation fuel by 2017, and consumption grows by 3% (Scenario C), 270 million barrels of bio-jet fuel will be required by 2017 (0.7 Mb/d). That is more biofuels than is currently produced in total, when all transport biofuels counted for 0.6 Mb/d (219 million barrels in total for 2006), if adjusted for energy content (IEA, 2008b) . Another thing to take into account is that about 83% of the biofuel produced was ethanol, which is not suitable for aviation traffic. The rest is biodiesel that theoretically could probably be further refined to jet fuel (Daggett et al., 2007) . Aviation biofuel production is still in practice zero.
The IEA (2008a) believes a growth of biofuel consumption of 6.8% a year from 2006-2030, predicting a biofuel production of about 1.3 Mb/d in 2017. Around one fifth of that is forecast to be biodiesel, which corresponds to less than 0.3 Mb/d. This value must be compared to the 0.7 Mb/d of bio-jet fuels needed. All of these numbers make it hard to believe that the aviation industry could achieve 10% biofuel by 2017 starting from zero in 2008.
The second highest ranked renewable energy company, according to Biofuel Digest, Sapphire Energy, state that they can produce 300-350 b/d of aviation fuel from algae in three years (ATW, 2009 ). However, this capacity is negligible compared to the aim of 10% bio-jet fuel utilization and would require a crash course development program in order to achieve the necessary production volumes.
Today, the increasing addition of biofuels to diesel is a problem for the aviation industry (Gallaher, 2008) . One of the more common biodiesels is FAME (Fatty Acid Methyl Esther). FAME is not a hydrocarbon and no non-hydrocarbons are allowed in jet fuel, except for approved additives as defined in the various international specifications such as DEF STAN 91-91 and ASTM D 1655. Consequently, biofuels-contaminated jet fuel cannot be utilized due to jet fuel standards (JIG, 2008a) .
The problem with FAME is that it has the ability to be absorbed by metal surfaces (JIG, 2008a) . Diesel and jet fuel are often transported in a joint transport system making it possible for FAME stuck in tanks, pipelines and pumps to desorb to the jet fuel. The limit for contamination of jet fuel with FAME is 5 ppm (JIG, 2008b) . FAME can be picked up in any point of the supply chain, making 5 ppm a difficult limit and therefore the introduction of biofuels to the diesel fraction has had a negative impact upon jet fuel supply security (Gallaher, 2008) .
Work is ongoing to be able to approve 100 ppm of FAME in jet fuel to ease the pressure on the oil product transport systems. Results from fuel analysis often arrive after delivery of fuel, meaning that airlines need to know how to act if the fuel is declared contaminated (Farmery, 2008) . To help avoid FAME contamination there are several procedures that should be followed, for example there should always be a buffer transport between biodiesel and jet fuel in pipeline systems and road tankers should be cleansed (JIG, 2008a) .
Crude oil production outlook
Can the "business as usual" scenario be too positive regarding future oil production? After the publication of World Energy Outlook 2008 (IEA, 2008a) , some remarkable statements from IEA chief economist, Fatih Birol, have been made. Petroleum newspaper Upstream (2008) writes that IEA predict oil prices to rebound to around 100$ in 2010 -2015 . Furthermore, Birol (2008 has also stated that an oil peak could occur in 2020. The IEA (2008a) states that enough oil reserves are available for production, if the necessary investments are made. The recent statements may probably be seen as a sign that the needed investments are not being made fast enough.
The European Union (EU) recognises that aviation contributes to about 2% of manmade CO2 emissions, and therefore, aviation cannot be considered a major contributor to climate change (EU, 2009) . Still a reduction of aviations impact on climate change is requested. The fuel consumption and consequently the CO2 emissions are supposed to decrease by 50% by 2020 (demand scenario B in this article). The EU (2009) is discussing to include aviation in the EU emission trading scheme, as suggested by the International Civil Aviation Organization (2009). IATA (2009) would also like a scheme for reduction of emissions, but wishes it to be global so that country specific taxes could be avoided. Furthermore, IATA (2009) argues that aviation should be treated in proportion to its contribution to climate change and not unfairly punished economically.
Refinery production
Is there any room for a larger part of aviation fuel from crude oil? In the analysis we have chosen 6.3%, the aviation fuel production fraction for 2006, to be a fixed aviation fuel fraction for the period 2008 to 2026. Historically this number has increased from 4.2% to 6.3%. Technically, aviation fuel is part of the middle distillate fraction together with diesel. An increasingly strong global demand for diesel can make it hard to increase the aviation fraction and we could consequently expect that it will be less in the future.
Technically it is possible to make aviation fuel a larger part of the petroleum product mix with proper investments, but there are no political visions or stimulus as there are no great awareness of the challenges to come.
Efficiency increases
Contrary to the car industry, the aviation industry has continually made improvement in aircraft efficiency. Between 1970 and 2007, efficiency has been improved by 70% roughly equivalent to 3% per year. Is it realistic to expect a subsequent 50%, or a 5% per year, reduction of aviation fuel consumption to be achieved by 2020? We believe that scenario B is unlikely to happen and that scenario C with an extrapolation of the trends during the last 20 years is the most probable scenario.
Conclusion
The most positive outlook for crude oil production in this study is still a very pessimistic scenario for the aviation industry. Only with a very successful development of fuel efficiency increases that more or less keeps the aviation fuel demand at current levels could it be possible for traffic to grow by 5% a year.
The aviation industry outlook on future traffic does not look realistic in the light of future crude oil production, taken that the aviation fuel percentage of refinery output cannot be increased hugely. The outlook of this article suggests that the aviation industry needs to rethink their position when it comes to future growth in air traffic since it is dependent on the availability of conventional aviation fuel originating from crude oil. Even the "business as usual" scenario of crude oil production requires big efficiency increases to the aviation fleet to maintain current rates of traffic growth.
The worst-case supply scenario creates a lack of aviation fuel in all of the demand scenarios discussed. The percentage of aviation fuel of produced oil products would need to increase from 6.3 % up to 30% of crude oil production in the most diverse case ( Figure  4 ). Alternative fuels can play a role in increasing the amount of available fuel, but it seems unrealistic that it could provide a large contribution soon, taking into account the work still to be done in that area. The possibility of biofuels replacing conventional jet fuel is limited, considering the large amount that would be needed. However, the development of bio-jet fuel is still important for the future aviation industry.
A post Kyoto political agenda to reduce oil consumption will have the same effect on aviation fuel production as a natural decline in the crude oil production. In the World Economic Outlook by the International Monetary Fund (IMF), the world real GDP growth will be back to be between 4 and 5 percent in 2011 (IMF, 2009) . Political decisions or decline in aviation fuel production will affect future GDP growth, so it is advisable to revise economic outlooks and include a more holistic view of economic growth where fuel requirement and supply outlooks also are integrated. Moriarty and Honnery (2008) speculate that the future of transportation is lowmobility, since transport is a derived demand. In a future world with decreasing supply of fuel, the current BAU-outlooks from within the aviation industry are unrealistic. The industry might be forced to adapt to a future with less aviation transport and the new challenges that would bring. Consequently, we conclude that "when the winds of change are blowing, some seek shelter while others set sails for new oceans"
